We perform the perturbative generation of the higher-derivative Chern-Simons contribution to the effective action in the three-dimensional QED.
where m is the mass of theory and κ is a numeric constant. Notice that, if we use same integration by parts in above expression, we find
which depends locally on the field strength and not on the potential, and so carries no large gauge information. The main purpose of this paper consists in inducing the term (2) as a radiative correction through an appropriate coupling with the fermionic field.
II. THE ONE-LOOP EFFECTIVE ACTION
In order to perform this calculation we consider the following fermionic Lagrangian:
We can integrate out the fermion field ψ in the functional integral to obtain the effective action for the A µ andÃ µ fields that reads
where the symbol Tr stands for the trace over Dirac matrices, trace over the internal space as well as for the integrations in momentum and coordinate spaces. We note that this machinery can be used for a more generic form of the field A µ involving additional derivatives or, in principle, the dependence on the Lorentz-breaking vector. The constant factor has been absorbed into normalization of the path integral such that
where
is the usual fermiom propagator associate to theory. Let us now consider the terms for n = 2 of the power expanded logarithm in Eq. (7) to write
Now applying the main property of derivative expansion method, we observe that any function of momentum can be converted into a coordinate dependent quantity as [9] A(
The parenthesis on the right hand side merely emphasizes that the derivatives act only on A(x). In this case, the expression (9) will become
By considering the following expansion
the effective action (10) can be rewrite in the form
where the quantities I αµνλβ , I αµνβ and I αµβ are given as
and
where the symbol tr denotes the trace of the product of the gamma matrices. Now, we consider the expression of the fermion propagator (7) associated to the following trace identity:
µνρ and also use the restrictions ∂ · A = 0 (Lorentz gauge) and ∂ ·Ã = 0 (identity for our definition ofÃ µ ). After calculating the traces, we can rewrite the expressions (13), (14) and (15) as
Now, we may calculate the above integrals by using the following 3−momentum formulas in the Minkowski space:
As a result, we arrive at:
Therefore, the expression (12) becomes
This is just the term whose form has been proposed in the introduction.
III. CONCLUSION
To close this paper, let us discuss our results and possible extensions to other contexts. We have showed how the higher-derivative terms can be generated at the one-loop order in the three-dimensional QED. We note that our calculations are completely Lorentz invariant, however they can be straightforwardly extended to a Lorentzsymmetry breaking case. Future research of this method are applications to gravity and non-abelian theories and higher dimensional Lorentz-symmetry breaking. These possibilities are under consideration.
